ABSTRACT The efficacy of various carbohydrate-based cocktails in reducing the number of enteropathogens in the crops of broilers subjected to feed withdrawal was examined. Market-aged broilers that had been orally challenged with Salmonella typhimurium were provided the cocktails during a 12-h feed withdrawal. After feed withdrawal, the broilers were processed, and their crops were aseptically removed and weighed. Crops were then blended in distilled water, and the pH of the suspensions was measured electronically. Populations of S. typhimurium, Campylobacter, and lactic acid bacteria in the crop suspensions were enumerated. Findings indicated that significantly fewer S. typhimurium and Campylobacter were recovered from the crops of broilers that had been provided cocktails supplemented with sucrose than from the
INTRODUCTION
The ability of the native bacterial flora of the crop of market-age broilers to limit the growth of foodborne pathogens diminishes during feed withdrawal (Ramirez et al., 1997; Byrd et al., 1998; Hinton et al., 1999b) . When broilers consume feed, beneficial crop bacteria ferment ingested contents to produce significant concentrations of lactic, acetic, and propionic acids (Hinton et al., 1992a,b; Corrier et al., 1999; Hinton et al., 1999) . Higher concentrations of acidic, bacteriostatic, or bacterial metabolic products in the crop contents of broilers are associated with reduced crop pH and lower populations of enteropathogens in the crop. Crops, however, empty of ingesta within 6 h after broilers are denied access to feed (Wabeck, 1972; Hinton et al., 2000b) . Reductions in the levels of fermentable carbohydrates available in the crop during feed withdrawal are followed by decreases in 2002 Poultry Science Association, Inc. Received for publication March 13, 2001 . Accepted for publication January 15, 2002. 1 To whom correspondence should be addressed: ahinton@saa. ars.udsa.gov.
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crops of broilers provided cocktails supplemented with equal concentrations (wt/vol) of glucose. Furthermore, significantly fewer S. typhimurium were recovered from the crops of broilers provided cocktails supplemented with 2 to 10% sucrose than from the crops of broilers provided water or cocktails that were not supplemented with carbohydrates. The pH of the crop contents of broilers provided carbohydrate cocktails were lower than the pH of the crops of broilers provided water or cocktails that were not supplemented with carbohydrates. Consumption of the cocktails did not produce significant changes in the crop weights. Findings indicate that altering the composition of carbohydrate-based cocktails provided to broilers during feed withdrawal may affect the efficacy of cocktails in reducing the number of enteropathogens recovered from the crops of broilers. the population of crop lactic acid bacteria; decreases in the concentration of acidic, fermentation products; increases in the pH of the crop contents; and a reduction of the ability of the crop to inhibit the growth of enteropathogens.
The ability of the crop to inhibit the growth of foodborne pathogens can be maintained during feed withdrawal by providing broilers a glucose-based cocktail after the broilers are denied access to feed (Hinton et al., 2000a) . The cocktail provides fermentative, native crop bacteria with a carbohydrate that can be converted into acidic products (Hinton et al., 1992a) and with nutrients that are required to support the growth of these beneficial bacteria. Fermentative bacteria can metabolize a wide range of carbohydrates and metabolic intermediates other than glucose to produce substances that can inhibit the growth of enteropathogens, however. Therefore, the purpose of the present study was to compare the efficacy of glucose-or sucrose-based cocktails in reducing the number of Salmonella and Campylobacter in the crops of broilers provided the cocktails during feed withdrawal.
Abbreviation Key: BGS = BG sulfa.
MATERIALS AND METHODS

Husbandry
On Day 1, 5-wk-old broilers were obtained from local commercial growers and transported to a poultry housing facility. Broilers were obtained from different flocks for each trial. All broilers were orally challenged with 10 9 cfu of a nalidixic-acid-resistant Salmonella typhimurium strain ST-10 and were divided into five treatment groups of six broilers each. Treatment groups were placed in separate pens with wood shavings on the floor. Feed and water were provided ad libitum under continuous lighting. Feed was a corn-soybean meal, pelleted grower ration (3,200 ME/kg and 19% CP). Water was provided in bell shaped drinkers. On Day 2 (24 h after the first S. typhimurium challenge), a second oral challenge of 10 9 cfu of S. typhimurium was administered to each broiler. 3 Cocktails were autoclaved at 121 C for 15 min and then stored at 4 C until used.
Cocktail Preparation and Feed Withdrawal
Feed withdrawal was initiated by removing feeders from pens on Day 2, 12 h after the second S. typhimurium challenge and 12 h before the broilers were to be processed on Day 3. The appropriate waterers were emptied 4 h before feeders were removed from the pens, and plastic tubing was used to connect the waterers to carboys containing the cocktails. After broilers had been provided the cocktail or water with access to feed for 4 h, feed was removed and the 12-h feed withdrawal period began. In Trial 1, broilers were provided cocktails supplemented with 1) no carbohydrate, 2) 4% glucose, or 3) 2 or 4% sucrose. In Trial 2, broilers were provided cocktails supplemented with 4, 6, 8, or 10% sucrose. Control groups of broilers were provided water instead of cocktails during feed withdrawal in both trials.
Collection and Analysis of Crops
At the end of the feed withdrawal period, each group of broilers was placed in separate coops and transported 2 Difco Laboratories, Detroit, MI 48232. to a pilot plant poultry processing facility. For each trial, broilers from different treatment groups were processed separately by electrocution, hot water scalding, and mechanical picking. Crops were aseptically removed from the processed carcasses, and five of the six crops were selected for further analysis. Each selected crop was placed in a separate sterile plastic bag, 4 weighed, and blended with 20 mL of sterile distilled water in a Stomacher Lab-Blender 5 for 1 min at normal speed. The pH of the suspensions were measured electronically. 6 Crop suspensions were serially diluted in 0.1% peptone and spread on the appropriate bacteriological medium.
Lactic acid bacteria were enumerated on lactic acid bacteria agar (Atlas, 1993 2 Campylobacter were enumerated on Campylobacter agar, Blaser.
9 Inoculated Campylobacter plates were incubated for 48 h at 42 C under microaerophilic conditions produced by an activated BBL CampyPak Plus 8 gas generator envelope in a BBL GasPak Jar System. Campylobacter-like colonies were confirmed with the Latex-CAMPY(jcl)J Campylobacter culture confirmation test.
9 Direct plating on each medium could detect as few as 20 cfu/mL.
Portions of the crop suspensions were also placed in enrichment bacteriological media to detect lower levels (<20 cfu/mL) of Salmonella and Campylobacter. Salmonella enrichment was performed by adding 1 mL of the crop suspension to 10 mL of universal preenrichment broth.
10
Inoculated tubes were incubated aerobically at 35 C for 24 h. Contents of the incubated enrichment cultures were streaked on BGS supplemented with nalidixic acid and novobiocin. The streaked plates were incubated aerobically at 35 C for 18 to 24 h, and salmonellae-like colonies were confirmed as S. typhimurium by using biochemical and serological tests described above. Campylobacter enrichments consisted of transferring 1 mL of the crop suspensions to tubes containing 10 mL of Campylobacter enrichment broth.
7 Inoculated tubes were incubated at 42 C under microaerophilic conditions in BBL GasPak Jar Systems with BBL CampyPak Plus gas generator envelopes. Contents of the enrichment tubes were streaked on Campylobacter agar, Blaser; and the plates were incubated at 42 C under microaerophilic conditions. Campylobacter-like colonies were confirmed as Campylobacter by using methods described above.
Statistical Analyses
Group means (five broiler crops per treatment) of data for each trial were compared to determine significant Values are means ± standard deviations; n = 5. differences among experimental data. Data were analyzed using GraphPad InStat version 3.00 for Windows 95 11 to perform one-way ANOVA. When ANOVA detected significant differences among group means, Dunnett's test was used to determine which of the treatment groups differed significantly from the control group. All significant differences were determined at P < 0.05.
RESULTS
Trial 1
Results from Trial 1 indicated that the type and concentration of carbohydrate used to supplement cocktails provided to broilers during feed withdrawal could influence the ability of the crop to maintain its natural ability to inhibit the growth of foodborne pathogens (Table 1 ). The crop weights of broilers provided the basal cocktail and carbohydrate cocktails did not differ significantly from the crop weights of broilers provided water during feed withdrawal. The pH of the crops of broilers provided carbohydrate cocktails were approximately 0.3 to 0.4 U lower than the pH of the crops of broilers provided water or the basal cocktail, although neither the crops of broilers provided the basal cocktail nor the carbohydrate cocktails contained significantly more lactic acid bacteria than the crops of broilers that were provided water. Significantly fewer S. typhimurium and Campylobacter were recovered from the crops of broilers provided the cocktail supplemented with 4% sucrose than from the crops of broilers provided water during feed withdrawal, but there was no significant difference in the number of these enteropathogens recovered from crops of control broilers and broilers provided cocktails supplemented with no carbohydrate, 2% sucrose, or 4% glucose. Furthermore, after enrichment procedures no Campylobacter were recovered from the crops of three of five of the broilers provided the 4% sucrose cocktail, whereas the enrichment procedure re-11 GraphPad Software, San Diego, CA 92121. covered S. typhimurium and Campylobacter from the crops of each of the broilers in the control group and other treatment groups in this trial.
Trial 2
Providing broilers the basal cocktail supplemented with several concentrations of sucrose significantly reduced the number of salmonellae recovered from the crops of broilers ( Table 2 ). The crop weights of broilers provided cocktails supplemented with 4 to 10% sucrose did not differ significantly from crop weights of broilers provided water. Although the pH of the crops of broilers provided the sucrose cocktails were approximately 0.5 U less than the pH of the crops of broilers that were provided water during feed withdrawal, the number of lactic acid bacteria recovered from the crops of broilers provided sucrose cocktails were not significantly greater than the number of lactic acid bacteria recovered from the crops of broilers provided water. Significantly fewer S. typhimurium were recovered from the crops of broilers provided each of the sucrose cocktails than from the crops of broilers provided water during feed withdrawal. Although enrichment procedures recovered S. typhimurium from the crops of each of the broilers provided water during feed withdrawal and from the crops of four of five of the broilers provided cocktails containing 6, 8, or 10% sucrose, the pathogen was recovered from only one of five of the crops of broilers provided the 4% sucrose cocktail during feed withdrawal. Neither direct plating nor enrichment recovered Campylobacter from the crops of any broilers used in Trial 2.
DISCUSSION
These findings indicate that modifying the composition of carbohydrate-based cocktails provided to broilers for 12 h during feed withdrawal influences the effectiveness of cocktails in reducing the population of foodborne pathogens in the crops of the broilers. When broilers are denied access to feed, the crop population of lactic acid bacteria decreases, the crop pH increases (Corrier et al., 1999; Hinton et al., 1999) , and the natural ability of the crop to inhibit growth of foodborne pathogens dimin- ishes (Hargis et al., 1995; Ramirez et al., 1997) . Providing broilers a carbohydrate-based cocktail during feed withdrawal helps the crop maintain its natural ability to inhibit growth of enteropathogens by providing native lactic acid bacteria (Fuller, 1977; Soerjadi et al., 1981) with substrates required for growth and acid production (Hinton et al., 2000a) . Some lactic acid bacteria are able to form slime layers and capsules composed of the polysaccharide dextran when grown on medium supplemented with sucrose but not when grown on medium supplemented with glucose (Brock et al., 1994; Edwards et al., 2000) . The sticky dextran slime layers and capsules may help bacteria attach to surfaces (Wilcox et al., 1993) , and these polysaccharides may serve as fermentation substrates for other bacteria. The production and fermentation of dextrans by lactic acid bacteria in the crops of broilers provided the sucrose-based cocktails might have been one of the factors that increased the effectiveness of sucrose-based cocktails when compared to the glucose cocktail in reducing crop contamination by enteropathogens. Other trials have indicated that supplementing cocktails with carbohydrate levels greater than the optimal concentration required for reduction of the enteropathogen population results in higher recovery of enteropathogens from the crop (Hinton et al., 2000a) . Recovery of higher populations of enteropathogens from the crops of broilers provided cocktails supplemented with higher than optimal concentrations of carbohydrates may be due to enteropathogen growth stimulated by residual carbohydrates that were not metabolized by the lactic acid bacteria that are provided excess substrate.
Consumption of the cocktails did not inhibit the normal evacuation of ingesta from the crop that is desired during feed withdrawal; therefore, providing the proper carbohydrate-based cocktails to broilers during feed withdrawal may reduce the number of foodborne pathogens present while still allowing the crop to empty. Other studies must be conducted to determine if increasing the length of time that the cocktail is administered to broilers will increase the efficacy of sucrose-based cocktails in reducing enteropathogen levels in the alimentary tract of broilers subjected to feed withdrawal.
